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VACUUM POWERED ADDITION SYSTEM 

FIELD OF THE INVENTION 

Embodiments of the invention generally relate to vacuum 
addition of catalyst to a ?uid catalytic cracking system. 

DESCRIPTION OF THE RELATED ART 

FIG. 1 is a simpli?ed schematic of a conventional ?uid 
catalytic cracking system 130. The ?uid catalytic cracking 
system 130 generally includes a ?uid catalytic cracking 
(FCC) unit 110 coupled to a catalyst injection system 100, a 
petroleum feed stock source 104, an exhaust system 114 and 
a distillation system 116. One or more catalysts from the 
catalyst injection system 100 and petroleum from the petro 
leum feed stock source 104 are delivered to the FCC unit 110. 
The petroleum and catalysts are reacted in the FCC unit 110 
to produce a vapor that is collected and separated into various 
petrochemical products in the distillation system 116. The 
exhaust system 114 is coupled to the FCC unit 110 and is 
adapted to control and/or monitor the exhausted by-products 
of the ?uid cracking process. 

The FCC unit 110 includes a regenerator 150 and a reactor 
152. The reactor 152 primarily houses the catalytic cracking 
reaction of the petroleum feed stock and delivers the cracked 
product in vapor form to the distillation system 116. Spent 
catalyst from the cracking reaction is transferred from the 
reactor 152 to the regenerator 150 Where the catalyst is reju 
venated by removing coke and other materials. The rejuve 
nated catalyst is reintroduced into the reactor 152 to continue 
the petroleum cracking process. By-products from the cata 
lyst rejuvenation are exhausted from the regenerator 150 
through an ef?uent stack of the exhaust system 114. 

The catalyst injection system 100 maintains a continuous 
or semi-continuous addition of fresh catalyst to the catalyst 
inventory circulating betWeen the regenerator 150 and the 
reactor 152. The catalyst injection system 100 includes a 
main catalyst source 102 and one or more additive sources 

106. The main catalyst source 102 and the additive source 106 
are coupled to the FCC unit 110 by a process line 122. A ?uid 
source, such as a bloWer or air compressor 108, is coupled to 
the process line 122 and provides pressuriZed ?uid, such as 
air, that is utiliZed to carry the various poWdered catalysts 
from the sources 102, 106 through the process line 122 and 
into the FCC unit 110. 
One or more controllers 120 is/are utiliZed to control the 

amounts of catalysts and additives utiliZed in the FCC unit 
110. Typically, different additives are provided to the FCC 
unit 110 to control the ratio of product types recovered in the 
distillation system 116 (i.e., for example, more LPG than 
gasoline) and to control the composition of emissions passing 
through the exhaust system 114, among other process control 
attributes.As the controller 120 is generally positioned proxi 
mate the catalyst sources 106, 102 and the FCC unit 110, the 
controller 120 is typically housed in an explosion-proof 
enclosure to prevent spark ignition of gases Which may poten 
tially exist on the exterior of the enclosure in a petroleum 
processing environment. 

In order to facilitate e?icient operation of the FCC unit, the 
catalyst storage vessel at the re?nery must be continually 
monitored to ensure an adequate amount of catalyst is readily 
available. Moreover, as conventional injection systems are 
hard-mounted to the FCC unit, re?ners have little ?exibility 
for expanding the number of catalysts that may be injected. 
For example, if a neW catalyst is to be utiliZed, one injection 
system must be emptied of catalyst currently staged for deliv 
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2 
ery to the FCC unit in a storage vessel to facilitate sWitching 
to the neW catalyst. Thus, conventional addition systems pro 
vide little inventory control or ?exibility for adding and/or 
changing catalysts. 

Furthermore, re?ners may periodically replenish ?nes in 
the FCC unit using an emptied catalyst injection system pres 
ently coupled to the FCC unit to replenish the concentration 
of ?nes in the system With neW (e.g., unused) ?nes provided 
by a catalyst vendor. This method is cumbersome for re?ners, 
as an empty catalyst injection system is not alWays available, 
and the process operation may be temporarily disoptimiZed 
While ?nes instead of catalyst are in the injection system. 

Since the types of catalysts utiliZed and concentration of 
?nes directly effect process stability of the FCC unit, conven 
tional addition systems may not be able to maintain the FCC 
unit at its optimal operating limits. As the FCC unit is a major 
pro?t center in most re?neries, a great deal of time and invest 
ment is made by re?neries to ensure that the FCC unit is 
alWays operating against its operating limits, thereby maxi 
miZing pro?tability. Anything that forces the operation of the 
FCC unit aWay from these limits reduces pro?tability to the 
detriment of the re?ner. Thus, it Would be highly desirable to 
stabiliZe the FCC operation by ensuring the continuous cir 
culation of catalyst Within the FCC unit, thus maintaining the 
dynamic balance of catalyst in the FCC unit. 

Therefore, there is a need for an improved method for 
adding catalyst to a FCC system. 

SUMMARY OF THE INVENTION 

A method and apparatus for adding material to a ?uid 
catalytic cracking (FCC) system is provided. In one embodi 
ment, a method includes providing a vessel containing a 
material under loW pressure, moving the material through an 
eductor to the FCC unit, and determining an amount of mate 
rial dispensed from the vessel through the eductor. 

In another embodiment, a method for adding material to an 
FCC unit includes providing a plurality of vessels maintained 
at loW or atmospheric pressure coupled to a selection system, 
actuating the selection system to selectively couple one of the 
plurality of vessels to the FCC unit, and activating an eductor 
to pull material from the selected vessel through the eductor 
to the FCC unit. 

In another embodiment, an apparatus for providing catalyst 
to an FCC unit is provided that includes a container, a ?rst 
eductor and a sensor. The eductor is coupled to an outlet of the 
container. The sensor is con?gured to detect a metric of mate 
rial dispensed from the container through the eductor. A valve 
is provided for controlling the ?oW through the eductor. A 
controller is coupled to the sensor and valve. The controller 
provides a control signal for regulating an operational state of 
the valve. 

In another embodiment, an FCC system having addition 
system is provided. The FCC system includes an FCC unit, a 
?rst eductor and a sensor. The FCC unit has a reactor and a 
regenerator. The ?rst eductor has a material outlet coupled to 
the FCC unit. The sensor is con?gured to detect a metric of 
material dispensed to the FCC unit through the eductor. A 
valve is provided for controlling ?oW through the eductor. A 
controller is coupled to the sensor and valve. The controller 
provides a control signal for regulating an operational state of 
the valve. 

DESCRIPTION OF THE DRAWINGS 

So that the manner in Which the above recited features of 
the present invention are attained and can be understood in 
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detail, a more particular description of the invention, brie?y 
summarized above, may be had by reference to the embodi 
ments thereof Which are illustrated in the appended draWings. 
It is to be noted, hoWever, that the appended drawings illus 
trate only typical embodiments of this invention and are 
therefore not to be considered limiting of its scope, for the 
invention may admit to other equally effective embodiments. 

FIG. 1 is a simpli?ed schematic vieW of a conventional 
?uid catalytic cracking (FCC) system; 

FIG. 2 is a simpli?ed schematic diagram of an addition 
system in accordance With one embodiment of the present 
invention suitable for use With an FCC system; 

FIG. 3 is an enlarged partial elevation of a bottom section 
of a storage vessel of the addition system of FIG. 2; 

FIGS. 4A-B are schematic diagrams of alternative embodi 
ments of a transfer controller that may be utiliZed in the 
injection system of FIG. 2; 

FIG. 5 is a simpli?ed schematic diagram of another 
embodiment of an addition system in accordance With the 
present invention suitable for use With an FCC system; 

FIG. 6 is a simpli?ed schematic diagram of another 
embodiment of an addition system in accordance With the 
present invention suitable for use With an FCC system; 

FIGS. 7A-B are simpli?ed schematic diagrams of alterna 
tive embodiments of transfer controllers for the addition sys 
tem of FIG. 6; and 

FIG. 8 is a simpli?ed schematic diagram of another 
embodiment of an addition system in accordance With the 
present invention suitable for use With an FCC system. 

To facilitate understanding, identical reference numerals 
have been used, Wherever possible, to designate identical 
elements that are common to the ?gures. It is contemplated 
that features from any one embodiment may be bene?cially 
incorporated in other embodiments Without additional reci 
tation. 

DETAILED DESCRIPTION 

The invention generally provides an addition system suit 
able for use in a ?uid catalytic cracking (FCC) system and a 
method of using the same. Embodiments of the addition 
system may be utiliZed to inject one or more additives into an 
FCC unit. The additives may be catalyst, catalyst additives 
and/ or ?nes. Some catalysts are utiliZed to drive the cracking 
reaction, others to control the distribution of product, While 
others to control emissions. For example, some common 
catalysts are at least one of Y-Zeolite containing catalyst, 
ZSM-5 containing catalyst, NOx reduction catalyst and SOx 
reduction catalyst, among others. Advantageously, the inven 
tion also facilitates tracking of the catalyst inventory along 
With providing the re?ner With increased ?exibility in select 
ing among variety of catalyst types With little or no disruption 
to the operation of the FCC system. 

FIG. 2 is a simpli?ed schematic of a ?uid catalytic cracking 
system 250 having one embodiment of an addition system 
200 of the present invention. The ?uid catalytic cracking 
system 250 generally includes a ?uid catalytic cracking 
(FCC) unit 110 coupled to the addition system 200, a feed 
stock source 104, a distiller 116 and a controller 106. One or 
more catalysts from the addition system 200 and petroleum 
from the petroleum feed stock source 104 are delivered to the 
FCC unit 110. The petroleum and catalyst are reacted in the 
FCC unit 110 to produce a vapor that is collected and sepa 
rated to various petrochemical products in the distillation 
system 116. 
The FCC unit 110 includes a regenerator and a reactor, as 

knoWn in the art. The reactor primarily houses the catalytic 
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4 
cracking reaction of the petroleum feed stock source and 
delivers the cracked product in vapor form to the distillation 
system 11 6. Spent catalyst from the cracking reaction is trans 
ferred from the reactor to the regenerator, Where the catalyst 
is rejuvenated by removing coke and other materials. The 
rejuvenated catalyst is reintroduced into the reactor to con 
tinue the petroleum cracking process. By-products from the 
catalyst rejuvenation process are exhausted from the regen 
erator through an e?luent stack. 
The injection system 200 maintains a semi-continuous 

addition of fresh catalyst to the catalyst inventory circulating 
in the FCC unit 110. The addition system 200 includes a 
container 202, a sensor 204 and a transfer controller 208. The 
sensor 204 and the transfer controller 208 are coupled to the 
controller 206 so that the delivery of additives to the FCC unit 
110 may be regulated. 
The sensor 204 provides a metric indicative of an amount 

of catalyst transferred from the container 202 to the FCC unit 
110 through the transfer controller 208. The metric may be in 
the form of level, volume and/or Weight. For example, the 
sensor 204 may provide a metric indicative of the Weight of 
the additives in the container 202. Sequential Weight infor 
mation may be utiliZed to determine the amount of additives 
dispensed from the container 202. In another embodiment, 
the sensor 204 may provide a metric indicative of the volume 
of additives in the container 202. In yet another embodiment, 
the sensor 204 may provide a metric indicative of the addi 
tives passing through a hose 228 connecting the container 202 
to the transfer controller 208. 

In the embodiment depicted in FIG. 2, the sensor 204 is a 
Weight measuring device. Information regarding the Weight 
of the container is obtained by the sensor 204 and is utiliZed 
by the controller 206 to determine a metric indicative of the 
Weight of catalyst, ?nes or additive in the container 202. The 
catalyst or ?nes dispensed from the container may be deter 
mined by at least one of Weight gain or Weight loss compu 
tation. 
The sensor 204 depicted in FIG. 2 includes a platform 230 

for supporting the container 202 thereon. A plurality of load 
cells 234 are disposed betWeen the base 232 of the sensor 204 
and the platform 230. The load cells 234 are coupled to the 
controller 206 so that an accurate measurement of the Weight 
of the container 202 (and thereby the amount of catalyst, 
additive or ?nes disposed therein) may be readily obtained. 
The base 232 is generally supported on a surface 240. The 

surface 240 may be a concert slab or other foundation. It is 
also contemplated that the base may be another suitable sur 
face or structure. 

The container 202 generally includes a storage vessel 210 
having a ?ll port 212, an outlet port 214 and an optional vent 
port 226. The vessel 210 may be permanently a?ixed to the 
sensor 204 or removably disposed thereon. In the embodi 
ment depicted in FIG. 2, the storage vessel 210 is removably 
disposed on the sensor 204. 

The storage vessel 210 may be ?lled With catalyst delivered 
to the facility in another container or the storage vessel 210 
may also be a shippable container, such as a tote. To facilitate 
movement of the storage vessel 210, the storage vessel may 
include lift points 224 for coupling a lift thereto. The storage 
vessel may alternatively include legs 218 that space a bottom 
216 of the storage vessel 210 from the platform 230 to provide 
space for the outlet port 214 and associated conduits coupled 
thereto. In one embodiment, the legs 218 may be con?gured 
to receive the fork of a lift truck to facilitate removal and 
replacement of the storage vessel 210 of the platform 230 of 
the sensor 204. 
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The ?ll port 212 is generally disposed on or near the top of 
the storage vessel 210. The outlet port 214 is generally dis 
posed at or near the bottom 216 of the vessel. The bottom 216 
may have a funnel shape so that additives disposed in the 
storage vessel 210 are directed by gravity to the outlet port 
214. The bottom 216 may have a substantially conical or 
inverted pyramid shape. 

The storage vessel 210 may be fabricated from any mate 
rial suitable for holding and/or shipping catalyst or ?nes. In 
one embodiment, the storage vessel 210 is fabricated from 
metal. In another embodiment, the storage vessel 210 is fab 
ricated from a Wood or plastic product, such as corrugated 
cardboard. It is contemplated that since the atmosphere 
Within the storage vessel 210 is maintained at or near atmo 
spheric pressure, the materials utiliZed to fabricate the storage 
vessel 210 do not have to Withstand the high pressures asso 
ciated With conventional catalyst storage vessels, Which typi 
cally operate at about ?ve to 60 pounds per square inch (about 
0.35 to about 4.2 kilograms per centimeter squared (cm2)). As 
such, the storage vessel 210 may be con?gured to have a 
maximum operating pressure of less than about ?ve pounds 
per square inch. It is also contemplated that the storage vessel 
210 may be con?gured for operation at pressures up to about 
60 pounds per square inch if desired. 
A tag 222 is ?xed to the container 202 and contains infor 

mation relating to the material stored inside. The tab 222 may 
be a bar code, memory device or other suitable medium for 
information storage. In one embodiment, the tag 222 may 
read via RF, optical or other Wireless method. In another 
embodiment, the tag 222 may be a read/Writable memory 
device, such that changes to the material present in the con 
tainer 202 may be updated after various events. For example, 
the tag 222 may include information regarding the amount of 
material inside the container 202. After material is dispensed 
and/ or added to the container 202, the information stored on 
the tag 222 may be updated by the controller 206 to re?ect the 
current status of amount of material in the container 202. 
Thus, if the container 202 is temporarily removed from the 
addition system 200, the amount of material Within the con 
tainer 202 is knoWn and Will not have to be rechecked upon 
return to the system 200. 

The tag 222 may contain information relating to the type of 
material in the container, an amount of material in the con 
tainer, shipping Weight of material in the container, a tare 
Weight of the container, a source or origin of material Within 
the container, traceability information of material in the con 
tainer and/ or a current Weight of material in the container. The 
tag 222 may also contain information relating to a unique 
container identi?cation (such as a container serial number), 
the customer to Which the container Was shipped, purchase 
order information and/ or material previously held in the con 
tainer. 

The addition system 200 may also includes a reader 220 
positioned to interface With the tag 222 When the container 
202 is disposed on the system 200. The reader 220 may be 
coupled to the controller 206 either by doWnloading informa 
tion form the reader memory, Wireless transmission and/or 
hardWare communication. In one embodiment, the reader 220 
is RF reader. In other embodiment, the reader 220 may pro 
vide tag information to the controller 206 that includes the 
identi?cation number of the container 202. The controller 206 
may obtain information associated With the container (and 
additives therein) from the controllers memory, or by com 
municating With a separate data base, such as at the re?nery or 
at the additive vendor. Information may be doWnloaded to the 
controller 206 periodically, or received in response to a 
request from the controller 206. In another embodiment, it is 
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6 
contemplated a technician may enter tag 222 information 
directly into the controller 206. 

In one embodiment, it is contemplated a technician may 
enter tag 222 information directly into the controller 208. 

FIG. 3 depicts an enlarged vieW of the storage vessel 210 
illustrating one embodiment of the components utiliZed to 
couple the outlet port 214 of the storage vessel 210 to the 
transfer controller 208. In the embodiment depicted in FIG. 3, 
the tee 302 is coupled to the outlet port 214. A shut off valve 
340 may be disposed betWeen the tee 302 and the outlet port 
214. A ?lter 306 is coupled to one port of the tee 302. The 
second port of the tee 302 is coupled to a conduit 310. The 
conduit 310 is coupled to the connector hose 228 by a con 
nector 316. The connector 316 may be a quick disconnect or 
other ?tting suitable for decoupling the storage vessel 210 
from the FCC unit 110 so that the storage vessel 210 may be 
readily replaced. In one embodiment, the connector 316 has a 
male ?tting 314 coupled to the hose 228 and a female ?tting 
312 coupled to the conduit 310. At least one of the hose 228 
or conduit 310 may be ?exible in order to facilitate alignment 
and coupling of the ?tting 312, 314. Isolation valves 304, 308 
may be disposed on either side of the tee 302 to prevent 
additives contained Within the storage vessel 210 from inad 
vertently leaving the vessel, such as during shipment. 
The transfer controller 208 utiliZes vacuum poWer to trans 

fer catalyst, ?nes or other material disposed in the storage 
vessel 210 to the FCC unit 110. The transfer controller 208 
may be poWered by the gas source 108, facilities air or other 
gas source. 

FIG. 4A depicts one embodiment of the transfer controller 
208. The transfer controller 208 generally includes an eductor 
410, a control valve 412 and a check valve 414. The product 
inlet of the eductor 410 is coupled to the container 202 by the 
hose 228. The discharge of the eductor 410 is coupled to the 
FCC unit 110. The check valve 214 is disposed in line 
betWeen the eductor 410 and the FCC unit 110 to prevent 
material ?oW from the FCC unit 110 toWard the eductor 410. 
A third port of the eductor 410 is coupled to the gas source 
108. The control valve 412 is disposedbetWeen the gas source 
108 and the eductor 410. The control valve 412 controls the 
operation of the eductor 41 0 and, ultimately, the movement of 
material betWeen the container 202 and the FCC unit 110. 
One eductor that may be adapted to bene?t from the invention 
is available from Vortex Ventures, located in Houston, Tex. 
A How indicator 416 may be positioned betWeen the con 

tainer 202 and the transfer controller 208 to provide a metric 
indicative that material is being transferred from the container 
202. In one embodiment, the How indicator 416 may be a 
sight glass. FloW indicators 416 may be disposed in various 
positions in the How path betWeen the container 202 and the 
FCC unit 110 to alloW visual con?rmation of the system 
operation. 
A feed back sensor 450 may be positioned betWeen the 

eductor 410 and the FCC unit 110. The feed back sensor 450 
provides the controller 206 With a metric indicative of addi 
tive ?oW betWeen the eductor 410 and the FCC unit 110. The 
controller 206, in response to the metric provide by the sensor 
450, may generate a ?ag or shut doWn the injection system 
200 if the metric indicates improper operation, such as a 
clogged eductor 410. The ?ag electronically notify at least 
one of the re?ner and/ or catalyst vendor. The feed back sensor 
450 may be a pressure transmitter or other device suitable for 
con?rming How to the FCC unit 110. 

In another embodiment, the feed back sensor 450 may be 
utiliZed to provide the controller 206 With a metric indicative 
of the pres sure betWeen the eductor 410 and the FCC unit 11 0. 
The controller 206 may monitor this pressure to ensure that 
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adequate pressure is provided so that the ?ow of material will 
always move towards the FCC unit 110. If the pressure 
detected by the feed back sensor 450 is too low, the controller 
206 may close a valve (not shown) between the eductor 410 
and the FCC unit 110 or prevent the valve 308 from opening 
to prevent back?ow. 

FIG. 4B depicts another embodiment of a transfer control 
ler 430. The transfer controller 430 generally includes at least 
one pre-stage conveyor 420 and a ?nal stage conveyor 422. 
The pre-stage conveyor 420 includes an eductor 440 and a 
control valve 442. The product inlet of the eductor 440 is 
coupled by the hose 228 to the container 202. The outlet port 
of the eductor 440 is coupled to the product inlet port of an 
eductor positioned in another pre-stage conveyor and coupled 
in series in one or more additional pre-stage conveyors 
coupled in series and terminating with the ?nal stage con 
veyor 422. In the embodiment depicted in FIG. 4B, the outlet 
port of the pre-stage conveyor 420 is coupled by a conduit 444 
to the product inlet and eductor 41 0 of the ?nal stage conveyor 
422. Optionally, and not shown in FIG. 4B, a check valve, 
such as the check valve 414, may be disposed in the conduit 
444 to ensure the direction of ?ow from the pre-stage con 
veyor to the ?nal stage conveyor 422. The ?nal stage conveyor 
422 is generally similar to the transfer controller 208 depicted 
in FIG. 4A, having a control valve 412 and a check valve 414 
and an eductor 410. The outlet of the ?nal stage conveyor 422 
is coupled to the FCC unit 110. 

Each of the conveyors 420, 422 are powered by the gas 
source 108 or other suitable gas source. The use of multiple 
conveyors 420, 422 in series as shown in the transfer control 
ler 430 allows material to be transferred over a greater length 
between the container 202 and the FCC unit 110. The use of 
multiple conveyors 420, 422 coupled in series additionally 
allows the pressure in the conduits carrying the material to 
FCC unit 110 to be incrementally increased through each 
conveyor, thereby conserving energy while still pressuriZing 
the material to a level that facilitates injection into the FCC 
unit 110. 

FIG. 5 is a simpli?ed schematic diagram of another 
embodiment of an addition system 500 in accordance with the 
present invention suitable for use with an FCC system. The 
addition system 500 includes a plurality of containers 202. In 
the embodiment depicted in FIG. 5, two containers 202 are 
shown, a ?rst container ?lled with material A and a second 
container 202 holding material B. The containers 202 are 
selectively coupled to the transfer controller 208 such that a 
material A and/or B may be selectively added to the FCC unit 
110. The containers 202 may be arranged in a horiZontal or 
vertical orientation, such as in a vertically stacked orientation. 

In the embodiment depicted in FIG. 5, a ?rst selector valve 
506A is coupled to the outlet port 214 of the container 202 
carrying material A while a second selector valve 506B is 
coupled to the outlet port 214 of the container 202 carrying 
material B. The selector valves 506A, 506B are coupled by 
hoses 528A, 528B to a tee 504. A common line 530 couples 
the transfer controller 208 to the hoses 528A, 528B through 
the tee 504.A shut-off valve 508 may be disposed between the 
tee 508 and the transfer controller 208. In embodiments 
wherein more than two containers 202 are coupled to the 
common line 530, multiple tees 504 or a manifold may be 
utiliZed to couple all of the containers to the FCC unit 110 
through a single common line 530. It is also contemplated that 
multiple group of containers 202 may be coupled to the FCC 
unit 110 through respective common lines 530. The transfer 
controller 208 may be any one of the controllers described 
herein or any variation thereof. 
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In operation, the controller 206 may provide a signal to the 

selector valve 506A to change an operational state of the 
selector valve 506A from closed to open, while a signal 
provided to the selector valve 506B causes the valve 506B to 
close (or remain closed). The controller 206 provides a signal 
to the control valve 412 to open, thereby causing gas to ?ow 
from the gas source 108 through the eductor 410. The ?ow 
through the eductor 410 draws material from the container 
202 holding material A through the common line 530 and 
ultimately to the FCC unit 110. Since the control selector 
valve 506B is in a closed state, material B from the other 
container 202 is prevented from being transported to the FCC 
unit 110. As the material is being transferred, the weight of 
material A in the container 202 decreases by the amount of 
additive dispensed into the FCC unit 110. This change in 
weight is detected by the sensor 204 which provides the 
controller 206 with a metric indicative of the amount of mate 
rial A transferred into the FCC unit 110 from the container 
202. Since the material transferred from each container may 
be independently resolved, it is also contemplated that both 
selector valves 506A, 506B may be opened simultaneously to 
allow simultaneous transfer of material A and material B to 
the FCC unit. 

FIG. 6 depicts another embodiment of an addition system 
600. The addition system 600 includes a rack 602 which is 
con?gured to provide a plurality of bays, each adapted to 
receive a container. In the embodiment depicted in FIG. 6, 
four bays 604A-D are provided to house respective contain 
ers, shown as containers 202A-D. In the embodiment 
depicted in FIG. 6, the arrangement of bays has an equal 
number of columns and rows. It is also contemplated that the 
bays may be arranged laterally, for example, horizontally in a 
single row or arranged in any number of columns or rows. 

Generally, different additives are provided in each of con 
tainers 202A-D, although some containers may include the 
same additives as the other containers. The additives may be 
specialiZed catalysts utiliZed for process control in the FCC 
unit 110. For example, additives may be provided from the 
addition system 600 to the FCC unit 110 to control the ratio of 
product types recovered in the distillation system 116 (i.e., for 
example, more LPG than gasoline) and/or to control the com 
position of emissions passing through an effluent stack of the 
exhaust system 114 of the regenerator 250, among other 
process control attributes. The main catalyst generally deliv 
ers a Y-Zeolite containing catalyst, which drives the main 
cracking process. One or more of the containers 202A-B may 
be utiliZed to deliver ?nes into the FCC unit 110 through the 
addition system 600. Fines may be provided from an additive 
supplier, or may be captured at the facility from the exhaust 
system 614 or other source, and may be delivered to one of the 
containers 202A-B via a conduit 612. Suitable additives are 
available from Intercat Corporation, located in Sea Girt, N.J. 
Each bay 604A-D includes a sensor 204A-D and a reader 

220A-D. Each sensor 204A-D is coupled to the controller 206 
such that the amount of material dispensed and/or added to 
the respective container 202A-D interfacing with the sensor 
204A-D may be monitored. 

Each of the readers 220A-D are con?gured to provide the 
controller 206 with information regarding the speci?c con 
tainer 202A-D residing in a respective bay 604A-D. Thus, in 
this manner, the controller 206 will know the exact material in 
each container disposed in the bays 604A-D so that the cor 
rect material is always dispensed into the FCC unit 110. 

For example, the bay 604A may be loaded with a container 
202A having SOx reduction catalyst, bay 604B may be 
loaded with a container 202B having catalyst ?nes, bay 604C 
is empty, while bay 604D may be loaded with a container 
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202D having NOx reduction catalyst. If bay 604C is planned 
to have a container 202C having NOx reduction catalyst 
loaded therein, and technicians inadvertently load a container 
having SOx reduction catalyst, the controller 206 Would be 
immediately aWare of the error from the information detected 
by the reader 220C positioned to read the tag 222 af?xed to 
the container disposed in the bay 604C, and thereby Would 
prevent inadvertent dispense therefrom along With ?agging 
the error. 

Moreover, the readers 220A-D alloW the system 600 to 
correct dispense problems automatically. For example, both 
bay 604C and bay 604D are loaded With containers 202C-D 
having NOx reduction catalyst, and the controller 206 deter 
mines that a scheduled dispense from the container 202D Was 
not made or Was insu?icient due to a blockage, insuf?cient 
material in the container 202D or other malfunction, the 
controller 206 may search the bays for another container 
having NOx reduction catalyst (e.g., the container 202C) and 
make the remaining scheduled addition of NOx reduction 
catalyst therefrom Without interruption of processing or ser 
vicing the addition system 600. 

The containers 202A-D are coupled by a hose 606A-D to a 
transfer controller 608. The transfer controller 608 selectively 
couples the containers 202A-D to the FCC unit 110. Each 
container 202A-D may have its oWn dedicated transfer con 
troller, as shoWn in FIGS. 4A-B or the like, or share a transfer 
controller With one or more other containers. 

FIG. 7A depicts one embodiment of the transfer controller 
608. The transfer controller 608 generally includes a plurality 
of selector valves 702A-D, each respectively coupled to one 
of the hoses 606A-D leading form the containers 202A-D. 
The outlets of the selector valves 702A-D are merged into a 
common line 704 by a plurality of tees or manifold. The 
common line 704 is coupled to one or more eductors 410. The 
output of the eductor 410 is coupled to the FCC unit 110. One 
eductor 410 is shoWn in FIG. 7A, but it is contemplated that 
staged eductors may be utiliZed as described With reference to 
FIG. 4B. 

In operation, the controller 206 selectively opens one of the 
selector valves 702A-D to alloW material to How from a 
selected container or selected containers 202A-D. Control 
valve 412 is opened to provide gas from the source 108 
through the eductor 410. The gas ?oWing through the eductor 
410 creates a vacuum that pulls material through the common 
line 704, and pressuriZes the material leaving the eductor 410 
for delivery into the FCC unit 110. 

FIG. 7B depicts another embodiment of the transfer con 
troller 608. The transfer controller 608 generally includes a 
plurality of selector valves 702A-D, each respectively 
coupled to one of the hoses 606A-D leading from the con 
tainers 202A-D. Each outlet of the selector valves 702A-D are 
respectively coupled to a dedicated eductor 410. The outlets 
of the eductors 410 are merged into a common line 706 by a 
plurality of tees or manifold. The common line 706 is coupled 
to the FCC unit 110. One eductor 410 is shoWn in FIG. 7B 
coupled betWeen each selector valve 702A-D and the com 
mon line 706, but it is contemplated that staged eductors may 
be utiliZed betWeen each selector valve 702A-D and the com 
mon line 706, and/or another eductor 410 (not shoWn) may be 
disposed in-line With the common line 706 to provide a staged 
material delivery arrangement, as described With reference to 
FIG. 4B. 

In operation, the controller 206 selectively opens one of the 
selector valves 702A-D to alloW material to How from a 
selected container or selected containers 202A-D. A selected 
control valve 412 is opened to provide gas from the source 
108 through the eductor 410 associated With the selected 
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10 
containers 202A-D. The gas ?oWing through the eductor 410 
(or series of eductors) creates a vacuum that pulls material 
from the container and into the common line 706 at an 
elevated pressure suitable for delivery into the FCC unit 110. 

FIG. 8 is a simpli?ed schematic diagram of another 
embodiment of an addition system 800. The addition system 
800 generally includes a container 802, a sensor 204 and a 
transfer controller 208. The sensor 204 and transfer controller 
208 are generally as described above. 
The container 802 includes a plurality of compartments. 

Each compartment is con?gured to store a different additive. 
In the embodiment depicted in FIG. 8, tWo compartments 
806A, 806B are de?ned in the container 802. The compart 
ments 806A, 806B are separated by an internal Wall 804 to 
prevent mixing of the additives. The Wall 804 may completely 
isolate the compartments 806A, 806B, or the Wall 804 may 
terminate short of the top of the container 802 or include one 
or more apertures proximate the top of the container 802 so 
that the area above the additives disposed in each compart 
ment 806A, 806B share a common plenum. 

In the embodiment depicted in FIG. 8, the container 802 
includes separate ?ll ports 812A, 812B and vent ports 826A, 
826B for each compartment 806A, 806B. The container 802 
also includes separate outlet ports 814A, 814B disposed in the 
bottom of the container 802 so that each additive may be 
dispensed from the compartments 806A, 806B separately. 
The outlet ports 814A, 814B are couple to selector valves 
506A, 506B. The outlet ports of the valves 506A, 506B are 
coupled through a tee 504 to a common line 530. The com 
mon line 530 is coupled to the transfer controller 208. The 
controller 206, by selectively actuating the appropriate valves 
506A, 506B and transfer controller 208, causes additive(s) to 
be transferred from the container 802 to the FCC unit 110. 
The amount of additive transferred is determined using infor 
mation provided by the sensor 204. If additives are transferred 
from both compartments 806A, 806B simultaneously, the 
amount of each additive transferred may be determined using 
the change in Weight of the container 802 factored by the 
Weight ratio of the additive in each compartment. 

Returning to FIG. 2, the controller 206 is typically housed 
in an explosion-proof enclosure to prevent spark ignition of 
gases Which may potentially exist on the exterior of the enclo 
sure in a petroleum processing environment. The controller 
206 may be equipped With remote access capability, such as 
communication port 286 (for example, a modem, Wireless 
transmitter, communication port and the like), so that activity 
may be monitored from other locations by a remote device 
288, such as the re?nery operations center or by catalyst 
suppliers. A controller having such capability is described in 
Us. Pat. No. 6,859,759, issued Feb. 22, 2005 and Us. patent 
application Ser. No. l0/304,670, ?led Nov. 26, 2002, both of 
Which are hereby incorporated by reference in their entireties. 
It is contemplated that suitable controllers may have altema 
tive con?gurations. 
The controller 206 is provided to control the function of at 

least the catalyst addition system 200. The controller 206 may 
be any suitable logic device for controlling the operation of 
the addition systems described herein. The controller 206 
generally includes memory 280, support circuits 282 and a 
central processing unit (CPU) 284, as is knoWn. 

In one embodiment, the controller 206 is a programmable 
logic controller (PLC), such as those available from GE 
Fanuc. HoWever, from the disclosure herein, those skilled in 
the art Will realiZe that other controllers such as microcon 
trollers, microprocessors, programmable gate arrays, and 
application speci?c integrated circuits (ASICs) may be used 
to perform the controlling functions of the controller 206. The 
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controller 206 is coupled to the various support circuits 282 
that provide various signals to the controller 206. These sup 
port circuits 282 may include poWer supplies, clocks, input 
and output interface circuits and the like. 

The controller 206 may be utiliZed to cause the addition 
system 200 to perform a series of process steps, such as an 
injection method described beloW. The method may be stored 
in the memory 280 of the controller 206, or accessed by the 
controller 206 from another memory source. 

In one embodiment, a method for injecting additives to an 
FCC unit begins by reading the tags 222 associated With the 
containers 202 interfaced With the sensors 204 and transfer 
controller 208 of the additive system 200. If the tag 222 of a 
particular container 202 does not contain or contains pre 
de?ned information, the controller 206 may prevent addition 
from that container and/or generate a ?ag. The ?ag is gener 
ally provided to the re?ner, and may also be provided to the 
catalyst supplier via transmission to the remote device via the 
controller 206. For example, if an expired lot or contaminated 
lot of material is present in the container 202 associated With 
the tag 222, the re?ner and/ or vendor may be noti?ed. More 
over, in this type of event, additions from that container may 
be prevented by the controller by default programming, selec 
tion by the re?ner, by instructions provided remotely by the 
vendor (or other third party) through the modem (e.g., com 
munication port 286) to the controller. 

The controller 206 generally selects a container for holding 
the additive Which is to be dispensed into the FCC unit based 
on a predetermined injection schedule. The controller 206 
selects a container ?lled With the additive called for in the 
injection schedule, and opens the appropriate selector valve 
and control valves to cause additive transfer from the con 
tainer to the FCC unit through the eductor. The sensor pro 
vides the controller With a metric indicative of the amount of 
additive transferred, thereby enabling the controller to deter 
mine When to close the valves and terminate the addition. If 
the tag is read/Writable, the information stored in the memory 
of the tag is updated. 

Thus, a vacuum poWered addition system and method for 
delivering catalyst to an FCC unit has been provided. The 
addition system generally provides a cost savings over con 
ventional addition systems, as pressure vessel and vessel 
pressurization systems are not required. Moreover, the ability 
to automatically obtain information regarding the material 
loaded into the system, along With information regarding 
material dispensed from the system, alloWs the system to ?ag 
operator error, and to self-correct addition de?ciencies, in 
some instances, Without operator intervention. Advanta 
geously, this alloWs the FCC unit to continue operating at or 
near processing limits With minimal ?uctuation, thereby pro 
viding the desired product mix and emissions composition 
With minimal dis-optimisation, thereby maximiZing the prof 
itability of the FCC system re?ner. 

Although the teachings of the present invention have been 
shoWn and described in detail herein, those skilled in the art 
can readily devise other varied embodiments that still incor 
porate the teachings and do not depart from the scope and 
spirit of the invention. 
What is claimed is: 
1. A method for adding material to an FCC unit, compris 

ing: 
providing a ?rst vessel under loW pres sure containing a ?rst 

material; 
moving the material through a ?rst eductor to the FCC unit; 

and 
determining an amount of material moved from the vessel 

through the eductor. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
2. The method of claim 1 further comprising: 
reading information associated With the vessel; and 
updating information associated With the vessel after deter 

mining the amount of material dispensed through the 
eductor. 

3. The method of claim 1 further comprising: 
reading information associated With the vessel; 
checking the read information associated With the vessel 

against a prede?ned criteria; and 
setting a ?ag in response to the checked information. 
4. The method of claim 1 further comprising: 
checking a pressure doWnstream of the eductor; and 
opening a valve to alloW material to through the eductor in 

response to the checked pressure. 
5. The method of claim 1 further comprising: 
moving the material from an outlet of the ?rst eductor 

through a second eductor. 
6. The method of claim 1 further comprising: 
providing a second vessel under loW pressure containing a 

second material, the second vessel selectively coupled to 
the eductor; 

coupling either the ?rst or second vessel to the eductor in 
response to a signal; and 

moving material from the selected vessel through the ?rst 
eductor to the FCC unit. 

7. The method of claim 1, Wherein determining further 
comprises, 

detecting a change in volume of material Within the vessel 
or a change in How rate of material exiting the vessel. 

8. The method of claim 1, Wherein determining further 
comprises, 

detecting change in Weight of the vessel. 
9. The method of claim 1, Wherein the material further 

comprises at least one member selected from the group con 
sisting of Y-Zeolite containing catalyst, ZSM-5 containing 
catalyst, SOx reduction catalyst, catalyst ?nes and NOx 
reduction catalyst. 

10. A method for adding material to an FCC unit, compris 
ing: 

providing a plurality of vessels maintained at loW or atmo 
spheric pressure coupled to a selection system; 

actuating the selection system to selectively couple one of 
the plurality of vessels to the FCC unit; and 

activating an eductor to pull material from the selected 
vessel through the eductor to the FCC unit. 

11. The method of claim 10 further comprising: 
determining a change in Weight of the selected vessel; and 
deactivating the eductor to stop of the How of material to 

the FCC unit in response to the change in Weight. 
12. The method of claim 10 further comprising: 
deactivating the eductor to stop of the How of material to 

the FCC unit; and 
determining a change in Weight of the selected vessel. 
13. The method of claim 10 further comprising: 
actuating the selection system to selectively couple a sec 

ond vessel of the plurality of vessels to the FCC unit; and 
activating the eductor to pull material from the selected 

vessel through the eductor to the FCC unit. 
14. The method of claim 10 further comprising: 
actuating the selection system to selectively couple a sec 

ond vessel of the plurality of vessels to the FCC unit; and 
activating a second eductor to pull material from the 

selected vessel through second eductor to the FCC unit. 
15. The method of claim 10 further comprising: 
moving the material from an outlet of the ?rst eductor 

through a second eductor. 
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16. The method of claim 10 further comprising: 

disconnecting one of the plurality of vessels from the selec 
tion system; 

replacing the disconnected vessel With a neW vessel; and 

connecting the neW vessel to the selection system. 

17. The method of claim 16, Wherein the neW vessel is a 
shipping tote. 

18. The method of claim 10, Wherein the material further 10 
comprises at least one member selected from the group con 
sisting of Y-Zeolite containing catalyst, ZSM-S containing 
catalyst, SOX reduction catalyst, catalyst ?nes and NOX 
reduction catalyst. 

14 
19. The method of claim 10 further comprising: 
?lling at least one of the plurality of vessels With ?nes 

recovered from the FCC unit. 
20. A method for adding material to an FCC unit, compris 

mg: 
selectively coupling one or more of a plurality of vessels 

maintained at or near atmospheric pressure to one or 

more eductors; 
transferring additives from the selected vessel or vessels to 

the FCC through the one or more eductors; and 
determining an amount of additives transferred by a change 

in Weight of the vessel. 

* * * * * 


